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Subject: Hydraulic model s tudies  on the spillway for  Cascade Dam- 
Boise Project. 

Model s tudies  of t h e  Cascade Spillway were made t o  invest igate  
flow conditions i n  t h e  spillway approach, t h e  ga te  section,  t h e  chute, 
and t h e  ~ t i l l i n g - p o o l ,  and t o  modify the s t ruc ture  where necessary t o  
provide an economical and sa t i s f ac to r i l y  operating s t ructure .  

The hydraulic model s tudies  indicated t h a t  t he  approach t o  t h e  
spil lway gave s a t i s f ac to ry  though somewhat unsymmetrical flow conditions. 
Both t h e  high and the  low c re s t  designs w i l l  pass s l i g h t l y  more than 
t h e  ~ q u i r e d  discharges. Changes in t h e  slope and width of  t he  chute 
a r e  recommended i n  o rder  t o  improve flow conditions. A diffuser-type 
bucket energy dissipater was found t o  give t h e  required protection t o  
t h e  Pacif ic  Power Company's wood stave penstock. 

DESCRIPTION OF THE PROJECT 

The Cascade Dam, Boise Project ,  Idaho, i s  located on t h e  North 
Fork of the  Payette River near Cascade, Idaho, a s  shown on t h e  locat ion 
map, Figcre 1. The e a r t h f i l l  dam w i l l  be approximately 800 feet  long 
at the  cres t  with a maximum height of 80 f ee t  above the  riverbed. The 
open channel spillway i s  t o  be located on t h e  r i g h t  abutment of t he  dam. 
The spillway flow, 12,500 second-feet maximum, w i l l  be controlled by 
two 21- by 20-foot r a d i a l  gates ,  Flow through the  low l e v e l  out le ts ,  
2,800 second-feet maximum, w i l l  be controlled by two 5-f00t square 
high-pressure s l i d e  gates,  The general plan of t he  project  i s  shown i n  
Figure 2. 

DESCRIPTION OF THE MODEL 

The Cascade Spillway model was constructed i n . t h e  Hydraulic 
Laboratory a t  t h e  Denver Federal Center t o  a scale  o f  1 t o  30. The 
model layout, recommended design, i s  shown i n  Figure 3. The o r ig ina l  
model was designeci and constructed according t o  t h e  plan and sect ions  



design, are  sh.o;-;n i n  Figure 5, I n  the  or ig ina l  design t h e  c r e s t  was 
a t  elevation 4808 with normal reservoir  a t  e levat ion 4828. A proposed 
fu ture  addit ion t o  t he  project  is, a high c r e s t  a t  elevation 4823 which 
w i l l  r a i s e  t h e  normal reservo i r  t o  elevation 4843. The same r a d i a l  gates  
w i l l  be used on both t he  high and the  low cres t .  

THE IrnSTIGATION 

The Spillway Approach 

The approach t o  t he  spillway i s  s l i g h t l y  unsymmetrical as  indicated 
i n  Figure 4. This r e s u l t s  i n  somerrhat unsymmetrical flow c o n d i t i o n s i n  
t h e  chute. This condition i s  &or i n  nature and no change i n  t h e  
approach i s  recommended. The approach i n  t h e  model f o r  the  high and low 
c re s t s ,  i s  shown i n  Figure 6. Flow i n  t h e  approach section,  high and 
low c re s t s ,  i s  shown i n  Figure 7 for the  maximum discharge of 12,500 
second-feet . 
The Gate Ssction 

The coeff ic ient  of discharge used for  t he  design of t h e  low c r e s t  
was 3.33. Model cal ibrat ion showed the  coeff ic ient  t o  be 3.40. The 
coef f ic ien t  of discharge for  t he  high c r e s t  with t h e  reservoir  a t  
e levat ion 4843 was found by model cal ibrat ion t o  be 3.67. Both c r e s t s  
w i l l  therefore pass somewhat more than t h e  required d i s ch~rgea .  Discharge 
curves f o r  the  bow c re s t  a re  given i n  Figure 8 and f o r  t he  high c r e s t  
i n  Figure 9. 

The Chute 

Two chute designs were t e s t e d  i n  t h e  model. In t h e  or ig ina l  deeign, 
Figure 4, the  pr incipal  slope of the  chute f loor  w a s  0.373. The chute 
width decreased from 45 f e e t  a+, Station 3#19.81 t o  20 f e e t  at Stat ion 
4f75 -00 with the  20-foot width continuing t o  the  end of t h e  chute, 
Sta t ion 5f55.00. In t h e  revised design, Figure 3, t h e  p r inc ipa l  d o p e  
of t he  chute f l oo r  was increased t o  0.463, and t h e  convergence of t h e  
chute walls was decreased f r o m t h a t  i n  t h e  o r ig ina l  design. The chute 
width decreased from 45 f e e t  a t  Station 919 .81  t o  20 f ee t  at  the end 
of t he  chute, Station 5+55.00. Both t h e  increased slope and t h e  increased 
width in the  cen t ra l  portion of the  chute contributed t o  t h e  smoother 
flow conditions observed i n  model operation of t he  revised design. 
Water surface p ro f i l e s  i n  t h e  f i n a l  chute design f o r  both t h e  high and 
low c r e s t s  with one and two ga t e s  open a r e  shown in Figures 10, 11, 12, 
and 13. Figures ll and 13 show the  s l i g h t l y  unsymmetrical flow i n  t h e  
chute resu l t ing  from t h e  unsymnetrical approach t o  t h e  spillway. 

The St ilJing-Pool 

General. The primary consideration f o r  sa t i s fac tory  operation of 
the  s t i l l i n g - p o l  is the  protection of the  72-inch wood s tave penstock 



of t h e  Pacific Power Company located across t he  r i ve r  from t h e  spLllway, 
Figures 2 and 5 .  Three types of chute ou t l e t s  were t e s t e d  in t h e  model. 
Stra ight  and curved chute ou t l e t s  d id  not give adequate protection t o  
the  penstock. A d i f fuser  bucket gave sa t i s fac tory  r e s u l t s .  

t h e  d i t ~ e t  a t  elevation 4'745.0. In both-cases t h e  jet from t h e  ~pillrvag I 
no diss ipat ion of energy. Model operation i s  shown i n  Figures U, and 15, I 

o u t l e t s  were successful in keeping the  j e t  along the r i gh t  bank but 
resu l ted  in sxt;remely rough surface conditions a t  t he  ra i l road  bridge 
downstream, and a very damaging upstream eddy over t he  penstock. These 
unsatisfactory flow conditions a r e  shown i n  Figure 16. 

Attempts were made, using t he  curved chute ou t le t ,  t o  d i r ec t  t h e  
flow down t he  center  of the  r iver ,  and thus  avoid t he  damaging upstream 
eddies. The j e t ,  d i rected t o  t h e  center of t he  r i ve r ,  was unstable, 
~t e i the r  swung across the  r iver  and climbed t h e  bank over t h e  penstock, 
o r  it followed t h e  r igh t  bank causing an upstream eddy along t h e  l e f t  
bank and the  penstock. Even f o r  t he  br ie f  periods t h a t  t h e  jet stayed 
i n  t h e  center of t he  r i ve r ,  flow conditions were very rough. 

a minimum and flow downstream i n  t h e  r i v e r  was smooth. All dif fuser  
buckets t e s t s  were made with the  chute out le t  at elevation 4745.0, The 
f i r s t  d i f fuser  bucket, Figure 17, extended 30 f e e t  downstream t o  Stat ion 
5/81.5 and was 10 fee t  high. Model operation i s  shown i n  Figure 18, 
Obsemation of t h i s  operation indicated t ha t  t he  jet should have a 
grea te r  spread with a shor ter  t r a j ec to ry  i n  order t o  give maximum 
protection t o  the  penstock. 

TO accomplish t h i s  resu l t ,  t he  following items were changed as 
indicated: 

1, The base width of the  chute a t  the  ou t l e t  was 
increased. 

2. The length of the  l i p  of t h e  d i f fu se r  bucket wrls 
increased. 

3, The height and steepness of t h e  U p  of the  bucket 
. (. was increased. 

4. The length of t he  bucket from t h e  end of t h e  chute 
was decreased. I 

5. The side slopes were adjusted. I . * I 

From a se r i e s  of t e s t s  incozporating t h e  above changes, the  I 
recornended design of diffuser bucket was evolved, figure 17. The 
recomended bucket extended 20 f e e t  downstream to Sta t ion  5 f71.5 and 



t r a j e c t o r y  giving sa t i s fac tory  protection t o  t he  penstock. The 
t r a j e c t o r y  of t he  j e t  f o r  various discharges i s  shown i n  Figure 2.9. 
For small discharges, t he  bucket ac ta  as a st i l l ing-pool.  The flow . washes out of the  bucket a t  a discharge of about 2,700 second-feet, 
Figure 20. A s  t h e  flow i s  decreased, t h e  s t i l l ing-pool  action again 
s t a r t s  at  a discharge of about 1,300 second-feet. Model operation of t h e  

Y d i f fu se r  bucket, recommended design, is shown in Figure 5B, and 21 
through 25. 











A .  Modei - Ready f o r  operation 

3 .  O n e  3 a t e  d i  nchnr,i;ii~g 6,2,0 a ~ c c . ~ : ~ -  ;'ec!', 

CASCADE DAM 1 :30 MOCEL, 
RECOMMXNDED DESIGN 



FIGURE 6 

0 
(U 

3 G 
0 

c -d 
0 cl 
. r i d  
-lJ m 
(d 0 
S a 

4 P 
m 

I 4  
Ld 

4J & 
0) 
(U c 
k 

= ' m  
A a 
MQ 
2 8 
Pq !d 5 

!2 2, PI 

0 UY 

:B 
3 g  m 

E? z 
U ffi 
tD PC 

4 % 
i 

3 c 
2 -2 
c 2 o m 
.,I 0 
c, P d  

aJ 

5 %? 
d b 

I 
cl 

c, 

$ 2  
& 
u m 

a, 
3 4' 

S 8 
.a! 







BYD - 234 

D I S C H A R G E  IN 1000 SECOND FEET 











A. S t r a i ~ h t  Chute  Ou t l e t  - Elevat  lon 474.'1.'3 



:, . Strmeip,!it Chut;e O u t l e t  Irl 0nerat.i or: 



A. Curved Chutc  O u t i e t  in Operation 

B. R e s u l  t.?~):: r'l r)cr ( !n r \ r i l  t , i  onn :it, t r 1 1 .  n.:i. : : i S J & < t .  





A. Discharge - 3,000 Second-f eet 

B. Discharge - 12,500 Second-feet 

CASCADE DAM 1:30 MODEL 
DIFFUSER BUCKET - ORIGINAL DESIGN 





P.. DLf fuser  Bucket Discharging Approx. 2,500 Second-f e e t  . 
The J e t  i s  ap~roaching  the washout s t q e .  

B. Diffuees Bucket Iliscktarging 2,700 Scco-ld-feet . 
The Jet h u s  .lust waohed out of t h e  bucket ,  

CASCADE MI 1 :30 MODEL 
DTF;.'USEE BUCKET - RECOMMENDED DXSIGN 



-4. D l f f  user Bucket Diucharging 2,500 Second-f eet . 

B. Resul t ing  Flow Conditions a t  the R.R.  Br idge .  

CASCADE DAM 1 :30 MODEL 
DIFmTSER BUC:m - RECOMMENDED DESIGN 



P.. Dl ff user  3uc.ket; Discharging 5,000 Second-f ee'L. 

CASCADE D.4M 1 :30 MODEL 
DIFFUSER BUCKET - FXCOblME?iDED DESlCii 



A. Diffus~r* Bucket Discharging 7,500 Second-feet. 

B. Result- Flow Conditions at the R.R. B r i d g e .  

CASCADE RAM 1 : 30 MODEL 
DTFFUSrn BUCrnT - RECOrnIENDED DLSICI? 



A. Dlff user Bucket Discharging 10,000 Second-f e e t .  

B. Reouiting Flow  condition,^ a t  t h e  R.R. Bridge. 

CASCADE DAM 1 :30 MODEL 
DIFFUSER BUCKET - RECOMMENDED DESIGN 



Diffuser Bucket Discharging 12,500 Second-feet. 

E. ResliLting, Flow Conditions Zit C!le f i . t ( .  Blsi&c: 

CASCADE DAM 1 : 30 MODEL 
DIFFUSER BUCmL' - RECOMMENDED DZSIGN 


